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1  | INTRODUC TION

The earth's surface is changing rapidly. There is high pressure on re-
sources from increased land use, urbanization and climate change 
(Fuchs et al., 2015). Loss of pristine nature affects biodiversity, climate, 
soil stability, water circulation and groundwater reservoirs (Biondi 
et al., 2004). To protect nature or maintain a sustainable resource 
use, we need to know the distribution and condition of the present 
vegetation, as well as the impact of natural or human disturbances. 

Land cover mapping is often the starting point for management plan-
ning or research purposes (Cherrill & McClean, 1999b; De Cáceres & 
Wiser, 2012). Land cover maps that include vegetation features are a 
good source for retrieving complex ecological information for a spe-
cific geographical area (Bryn et al., 2018). Such maps are based on 
knowledge and practice from two fields of applied research; botanical 
ecology and landscape geography (Küchler & Zonneveld, 1988).

Land cover maps depict the physical cover of the earth, and 
some classes are usually described by classification of vegetation 
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Abstract
Aim: Many thematic land cover maps, such as maps of vegetation types, are based 
on field inventories. Studies show inconsistencies among field workers in such maps, 
explained by inter-observer variation in classification and/or spatial delineation of 
polygons. In this study, we have tested a new method to assess the accuracy of these 
two components independently.
Location: Four study sites dominated by different ecosystems in southeast Norway.
Methods: We have used a vegetation-based land cover classification system adapted 
to a map scale of 1:5,000. First, a consensus map, a map that can be considered an 
approximation of a flawless map, was established. Secondly, the consensus map was 
adapted to test the accuracy of classification and polygon delineation independently. 
We used 10 field workers to generate a consensus map, and 14 new field workers (in 
pairs) to test the accuracy (n = 7).
Results: The results show that the accuracy of polygon delineation is lower than that 
of land cover classification. This is in contrast with previous studies, but previous 
research designs have not enabled a separation of the two accuracy components.
Conclusion: We recommend strengthening the training and harmonization of field 
workers in general, and increasing the emphasis on polygon delineation.
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(Aune-Lundberg & Strand, 2017). Typically, vegetation is classified 
according to specific physiognomic features (Ihse, 2007) or char-
acteristic groups of species that are found in locations with simi-
lar growing conditions (Box & Fujiwara, 2013). Many classification 
systems of land cover, outside strongly human-disturbed systems, 
capture more or less stable entities of either plant communities or 
ecosystems that re-appear in specific parts of the ecological space. 
These are usually characterized by species composition, physiog-
nomy, indicator species or a combination of the three (Bryn et al., 
2018). Other criteria that define land cover classes, besides vege-
tation, can be classes affected by human disturbances (for instance 
infrastructure, buildings, etc.) or natural disturbances (for instance 
landslides). Land cover classification systems are often hierarchical, 
where similar vegetation, ecosystems or other kinds of land cover 
are generalized into classes on different levels within a hierarchy 
(Cherrill & McClean, 1999a).

Land cover mapping of mutually exclusive and predefined types 
can be done in the field using a field computer and aerial photos, 
by interpretation of aerial photos, by using a variety of supervised 
(sensu lato) remote-sensing techniques or by for example distri-
bution modeling (Fassnacht et al., 2016; Horvath et al., 2019). 
Alternatively, land cover mapping can be done with unsupervised 
remote-sensing techniques or based on fuzzy membership, the lat-
ter exemplified by Rocchini (2010). Field-based land cover maps are 
made by identifying and mapping areas of homogenous land cover 
(spatial delineation), and by assigning these polygons to predefined 
types (classification). Classification systems (types) and map gener-
alizations (delineation) should be pre-adapted to a specific resolution 
through a defined scale intended for the map series (Hearn et al., 
2011).

Land cover maps need high quality in order to be trusted by end-
users (Cherrill, 2016). Considerable numbers of land cover maps 
exist, but there is often limited information on the reliability and 
quality of these data (Cherrill & McClean, 1995, 1999b; Hearn et al., 
2011). All classification and mapping methods lead to an artificial 
generalization of nature (Green & Hartley, 2000). Continuity, gradual 
changes over space and diffuse borders with mixed species compo-
sition, may lead field workers to make arbitrary polygon lines (Hearn 
et al., 2011). Furthermore, a land cover type defined by vegetation 
is an abstract ideal; any land cover type delineated as a polygon will 
therefore be an imperfect representation of reality (Pancer-Koteja 
et al., 2009). These, as well as other factors, can give rise to map 
inconsistencies (Küchler & Zonneveld, 1988; Cherrill & McClean, 
1995).

In studies evaluating quality of land cover maps, the term “incon-
sistencies” is commonly used when comparing observers and assess-
ing inter-observer variation, i.e., when two or more observers obtain 
different results (Morrison, 2016; Ullerud et al., 2018). Inconsistency 
is thus defined as the difference between land cover maps made by 
different mappers, when all other factors are kept constant. In this 
study, we use the term accuracy to assess the deviation between 
a consensus map regarded as flawless (a “true” reference map) and 
land cover maps made by single mappers. According to a number of 

previous studies, the main inconsistencies in field-based land cover 
data can be summarized in two categories: classification inconsisten-
cies and spatial inconsistencies (Cherrill & McClean, 1999a; Ullerud 
et al., 2018). In classification inconsistencies, observers delineate 
roughly the same location, but assign different land cover types. In 
spatial inconsistencies, the observers assign the same land cover 
type, but delineate polygon borders differently (Cherrill, 2013) or in-
clude/exclude polygons (Mõisja et al., 2018). Distinguishing between 
these two broad classes of inconsistencies in field-based land cover 
maps is challenging. There will always be inconsistencies in maps, 
but it is important to know the nature and scale of the sources, so 
that efforts can be made to improve the quality.

Since land cover maps are more or less affected by subjective 
decisions made during field work, a reference (“true”) land cover 
map is needed to evaluate accuracy. To measure consistency among 
mappers the same area can be mapped independently by different 
mappers and the degree of similarity between maps can be calcu-
lated (Cherrill & McClean, 1999b). A number of studies have as-
sessed consistency in maps (Cherrill & McClean, 1995, 1999b; Hearn 
et al., 2011; Ullerud et al., 2018), but none of them have estimated 
accuracy and separated the effects of classification from spatial 
delineation of polygons as independent components. Subjectivity 
leading to unequal numbers of polygons among (commission/omis-
sion) different mappers (Mõisja et al., 2018), prevents a straightfor-
ward interpretation of inconsistencies resulting from classification 
and delineation. New studies are therefore needed to separate the 
causes of map inconsistencies and to quantify accuracy. The main 
objective of this study is to quantify accuracy in field-based land 
cover mapping between observers and to develop a new method 
that enables a separation of the main causes of inaccuracy, while 
excluding effects of omission (fever polygons than needed accord-
ing to the guidelines) and commission (more polygons than needed 
according to the guidelines). The study is designed to answer the 
following questions concerning field-based land cover maps: (a) how 
accurate is the classification; (b) how accurate is the spatial delin-
eation of polygons; (c) what characterizes land cover types that are 
more often inaccurately mapped; and (d) are some ecosystems more 
accurately mapped than others, and if so, why?

2  | METHODS

2.1 | Study area

The study area is located at Ringsakerfjellet in Hedmark county, 
southeast Norway (Figure  1). The area is within the northern bo-
real vegetation zone with low winter temperatures, warm summers 
(mean annual temperature between 0 and 2°C) and annual precipi-
tation 1,000–1,500  mm (Moen, 1999). Ringsakerfjellet is a large 
mountain plateau ranging from 700 m to 1,000 m a.s.l. (Rekdal et al., 
2003). The landscape is mostly below the climatic forest limit, which 
is lowered by centuries of extensive summer dairy farming. The bed-
rock consists of metamorphic sandstone and scattered intrusions of 
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lime-dominated bedrock. The soils are dominated by till, fluvial de-
posits and wetland (Rekdal et al., 2003). The area comprises forests 
characterized by birch woodland and stunted coniferous woodland, 
wetland, cultural landscape and scattered dwarf shrub-dominated 
mountains (Rekdal et al., 2003). Sheep and cattle graze in the out-
fields, and logging is common in the lower coniferous forests.

2.2 | Study design

Four rectangular study sites, each 50,000 m2 and dominated by dif-
ferent ecosystems, were chosen for land cover mapping. The sites 
are named after the dominant ecosystem: mountain, agricultural, 
wetland and forest. The choice of sites was based on a vegetation 

map from 2003 (Rekdal et al.), but the exact geographical location 
was determined in the field. The following criteria were considered: 
each site should preferably be dominated by one ecosystem, but 
include as much within-ecosystem variation as possible. The study 
consisted of two mapping parts, both following the official mapping 
guidelines for Norway by Bryn and Halvorsen (2015).

2.2.1 | Study design – part 1

In part one (Figure 2), the aim was to make consensus maps, ap-
proximations of flawless (“true”) reference maps for each study 
site. These were used to evaluate accuracy in classification and 
spatial delineation in part two of the study. The field work took 

F I G U R E  1   Location of study area and the four study sites in southeast Norway. Inset: Northern Europe with the study area marked 
(WGS 1984, UTM33)
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place over five days in August 2017. Ten field workers were given 
an equal time-slot for practical mapping at each site, and everyone 
participated in the mapping of all sites. Afterwards, the most expe-
rienced field workers discussed the completed maps and prepared 
a first draft of the consensus maps. This draft was assessed and 
given comments and suggestions by all field workers. An improved 
set of drafts was sent out for approval by all participating field 
workers, and the consensus maps (one for each ecosystem) were 
completed after revisions.

The consensus maps were divided into two parts. Half of the 
maps included all the polygons from the consensus maps, but with-
out information about the classification (sub-area A). The other half 
of the maps included classified points without polygon borders (sub-
area B), one point for each original polygon from the consensus map.

2.2.2 | Study design – part 2

In part two, the aim was to investigate the accuracy of classification 
and spatial delineation, using another team of field workers. Mapping 
in part two was executed by 14 field workers divided into seven pairs. 
Half of the field workers involved were experienced mappers, whereas 
the other half consisted of master or PhD students. Pairs were put to-
gether so that the students were working together with experienced 
field workers. The field work took place over three days in September 
2017. Sub-area A was mapped first by assigning land cover types (clas-
sification) to existing polygons. Thereafter sub-area B was mapped by 
delineating one polygon around each classified point with the aid of 
aerial photos, so that the result is wall-to-wall land cover maps.

2.2.3 | Training and calibration of field workers

To reduce inconsistency and obtain high-quality maps, field workers 
need to be harmonized by calibration and trained in advance (Ullerud 
et al., 2018; Eriksen et al., 2019). In this study, there were several train-
ing and calibration sessions before both parts of the study. The field 
workers were trained two weeks in advance, one week theory and 
one week field excursion. Information on the entire study area includ-
ing bedrock, superficial deposits, ecological region, important species 
and current and historic land use of the area was given. Each field day 
started with a training and calibration session in the field, but outside 
the specific study sites. The training and calibration included recogniz-
ing indicators species and different land cover types, how to interpret 
topography and other landscape elements, aerial photo interpretation 
as well as other important factors that aid the distinction of land cover 
types and as background for robust spatial delineation of polygons.

2.2.4 | Mapping system

This study used a Norwegian classification system termed Nature in 
Norway (abbreviated NiN). The system has recently been translated 
and published internationally by Halvorsen et al. (2020). Only a short 
introduction of the system is provided here. NiN comprises three 
main dimensions; scale, land cover types and a variety of attributes. 
The system is, among other things, adapted to land cover mapping 
at a scale of 1:5,000. Division of types in NiN is based on how plants 
respond to environmental gradients, and the interval of ecological 
space they represent. The system is hierarchical and comprises three 

F I G U R E  2   Study design of part 1. Parallel land cover maps made by ten field workers. The ten independent maps were then converted 
to one consensus map, and subsequently divided into two parts: A and B. The partitioning of the maps into A and B components forms the 
outset of the second part of the study design
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levels (number of types in parentheses): major type group (7), major 
type (92) and basic type (741). The 448 basic types from wetland and 
terrestrial areas are aggregated into 281 land cover types, adapted to 
mapping at a scale of 1:5,000. Some of these land cover types (41) are 
defined by other criteria than species composition, for example land 
use or natural disturbances like rockslides. Land cover types are as-
signed to polygons by identifying the species composition. Each land 
cover type is described in the mapping guidelines for NiN (Bratli et al., 
2017), including information about physiognomy, characteristic spe-
cies, ecology, aerial photo characteristics, etc. These descriptions aid 
mappers in recognizing types during field work. The attribute system 
comprises complementary variables that can be used to add extra 
information that is not described by land cover types, for example, 
dominating tree species and percent tree cover. This study has not 
included any complementary variables from the attribute system.

2.3 | Field method

In both parts of the study, mapping was done in the field using port-
able field computers with QGIS version 2.18.14 (downloaded from 
QGIS Development Team, January 2018; https://www.qgis.org/en/
site/ ) and aerial photos from 1973 (Series Ringsaker; 20 cm resolu-
tion; 16th June) and 2016 (Series Østlandet; 25  cm resolution; 3rd 
October). Field workers were equipped with field instructions (Bryn & 
Halvorsen, 2015), a graphical overview and descriptions of land cover 
types (Bratli et al., 2017; Bryn & Ullerud, 2017). Minimum polygon size 
was 250 m2. In both parts of the study, field workers were not allowed 
to exchange information or compare their results while mapping.

2.4 | Data management and corrections

Data management and analysis were done in QGIS, Excel and R 
(downloaded from R Core Team, January 2018; https://www.r-proje​
ct.org/). Maps from part one and two were corrected for technical 
errors (topology errors etc.).

2.4.1 | Accuracy in classification and spatial 
delineation

The accuracy was estimated in three ways and provided as per-
centages: (a) the pairwise comparison between each field worker 
and consensus; (b) the intersection between all field workers and 
consensus; and (c) the overall accuracy of classification and spatial 
delineation for each ecosystem (overall accuracy). The percentages 
provided for classification accuracy tested in sub-area A are calcu-
lated as the percentage correctly classified polygons. The percent-
ages provided for spatial delineation accuracy tested in sub-area 
B are calculated as the percentage correctly delineated area (by 
intersect in GIS).

Ecological distance was used to quantify deviations in re-
corded land cover types relative to a reference, the consensus map 
(Figure 3). The ED between two types indicates to what degree they 
have a shared species pool (see Eriksen et al., 2019), i.e., how far 
apart the land cover types are within the larger ecological space. A 
higher ED indicates fewer species in common among the compared 
land cover types. When field workers have registered the same land 
cover type as consensus, the deviation is zero ED.

2.4.2 | Variation among ecosystems in 
mapping accuracy

Heat maps were constructed for each ecosystem to visually dis-
play the total mapping accuracy. Frequency of field workers that 
classified the same land cover type as consensus is represented 
by points with different colors. A point grid with 3-m spacing was 
used.

3  | RESULTS

A total of 56 maps were generated from part two of the study, 14 from 
each of the four sites, seven maps from each sub-area in all sites.

F I G U R E  3   Examples of how ecological distance (ED) is calculated, based on the deviance between the consensus land cover type (LCT) 
and the registered land cover type

https://www.qgis.org/en/site/
https://www.qgis.org/en/site/
https://www.r-project.org/
https://www.r-project.org/
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3.1 | Classification and spatial delineation accuracy

The pairwise comparison had higher accuracy than the overall com-
parison in both sub-areas (μ versus OA in lower section of Table 1). 
In the overall comparison, there was a higher accuracy in spatial de-
lineation, with a mean overall classification accuracy of 30.5% and a 
mean overall spatial delineation accuracy of 33.1%. The results var-
ied between different ecosystems in the overall comparison.

The mean pairwise classification accuracy is 72%, and the results 
from each ecosystem range from 55% in forest ecosystem to 97% in 
mountain ecosystem. Wetland ecosystem has the largest standard 
deviation. The mean classification accuracy for mountain ecosystem 
is significantly different from the mean classification accuracy of the 
three other ecosystems (Table 2).

The mean spatial delineation accuracy was 59%, ranging from 
52% in agricultural ecosystem to 64% in wetland ecosystem. 
Agricultural ecosystem has the largest standard deviation. The wet-
land ecosystem has significantly different spatial delineation accu-
racy than the mountain and agricultural ecosystems.

3.2 | Ecological distance (ED)

The results in Table 3 reflect the same trends as the classification ac-
curacy values in Table 1, where the forest ecosystem had the lowest 
accuracy (mean ED = 1) and the mountain ecosystem had the high-
est (mean ED = 0.4). The right-skewed frequency distribution of ED 
in all ecosystems showed that field workers chose land cover types 
that were ecologically related to consensus (Appendix  S1). There 
is, however, a variation between ecosystems. In mountain ecosys-
tem, as much as 86% of the observations had 0 ED, the rest of the 

observations were spread from 1 ED to 6 ED. Wetland ecosystem 
displays the same pattern as mountain ecosystem with most of the 
observations (71%) having 0 ED from consensus. Forest and agricul-
tural ecosystem show a more evenly distributed ED than the previ-
ous, and fewer observations have 0 ED from consensus, respectively 
40% and 57%. Forest ecosystem had the largest number of regis-
tered land cover types and number of polygons (Table 3).

3.3 | Ecosystem complexity

Variation in mapping accuracy varies between ecosystems. Heat 
maps display the variation visually (Figures 4 and 5, remaining eco-
systems given in Appendix S2). The least accurately classified land 
cover types (with 0 or 1 field worker pairs agreeing with consensus) 
are given in Appendix S3.

4  | DISCUSSION

4.1 | A new method to separate the main 
inaccuracies in mapping

Numerous studies have investigated the quality of field-based land 
cover maps and aimed to describe inconsistencies. In this study, 
however, we have developed a method to investigate the two main 
sources of inaccuracy separately; classification of land cover types 
vs spatial delineation of polygons. The results of implementing the 
AB partitioning show that in pairwise comparison between field 
workers and a consensus map, there was higher accuracy in classifi-
cation than in spatial delineation. The mean classification accuracy 

FW

Sub-area A Sub-area B

Classification accuracy Spatial delineation accuracy

M A W F μ M A W F μ1

1 100 54 49 36 60 47 58 65 62 58

2 100 74 53 67 74 54 29 48 57 47

3 93 77 80 74 81 58 86 74 70 72

4 94 69 90 42 74 42 32 51 65 48

5 97 39 38 48 55 59 53 72 68 63

6 96 78 100 81 87 53 53 73 59 60

7 96 72 78 36 71 64 53 63 57 59

μ 97 66 70 55 72 54 52 64 63 59

σ 2 13 22 17 11 7 17 10 5 8

CI 2 12 20 16 10 7 16 9 5 7

OA 88 1 33 0 31 27 35 40 30 33

Note: All pairs of field workers (FW) are compared with consensus. The following statistics is 
provided: mean accuracy (μ), standard deviation (σ) and confidence interval (CI; α = 0.05). Results 
from each ecosystem; mountain (M), agricultural (A), wetland (W) and forest (F). The overall 
accuracy (OA) provides the result of all pairs of field workers compared with the consensus. All 
accuracy numbers are given in percentages.

TA B L E  1   Classification accuracy 
from sub-area A and spatial delineation 
accuracy from sub-area B
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was 72%, whereas the mean spatial delineation accuracy was 59%. 
This is in direct contrast to a number of studies that have concluded 
that classification is the main source of inconsistencies among maps 
made by different field workers (Cherrill & McClean, 1995, 1999a; 
Hearn et al., 2011; Ullerud et al., 2018). Cherrill and McClean (1995, 
1999a) and Hearn et al. (2011) improved consistency by an average 
of only 4–5% when removing a buffer (10-m buffer in the study by 
Hearn et al., 2011) around the polygon delineations, thus concluding 
that classification is the main source of inconsistency. Their findings 
were based on buffering methods (Burrough et al., 2015), which we 
do not consider to be an independent evaluation method of clas-
sification vs spatial delineation inconsistencies. In our opinion, it is a 
measure of delineation precision (removal of delineation imprecision 
by buffering), rather than a full analysis of the complexity in spatial 
delineation of polygons in land cover maps. A full analysis is espe-
cially challenging in maps with low consistency, since this makes it 
even more difficult to separate classification and spatial delineation 
inconsistencies (Alexander & Millington, 2000). Since the method 
used in this study excludes the effects of omission and commission, 
we believe that our study is more purposeful when it comes to dis-
entangling the effects of classification from spatial delineation. The 
results from our study show that the mean spatial delineation ac-
curacy is much lower than in previous studies. The presented results 
indicate that the pairwise inconsistencies emerging from spatial de-
lineation are larger than the inconsistencies emerging from classifi-
cation alone. Consequently, field-based mapping programs should 
put more efforts into training and harmonizing spatial delineation 
of polygons.

The level of overall inconsistencies in this and comparable stud-
ies are approximately equal. Cherrill and McClean (1995, 1999a) and 
Hearn et al. (2011) found an overall consistency among field work-
ers ranging from 25.6% to 34.2%, whereas the mean overall accu-
racy in this study is 30.5% for classification and 33.1% for spatial 

delineation. Although not directly comparable, both results indicate 
that field-based land cover maps of types defined by vegetation 
(and land use) should be used with caution, particularly when imple-
mented in monitoring programs or analyses of landscape changes 
(Bryn & Hemsing, 2012).

4.2 | Robustness with multiple field workers

In this study, 10 field workers’ interpretation of the area is incorpo-
rated in the consensus map. This is not a perfect solution, but gives 
a more robust reference map than using only one field worker’s map 
for comparison. Several vegetation studies recommend the use of 
multiple field workers, because working in teams has the effect 
of avoiding extreme estimates and detecting more species which 
are important to identify the land cover types (Symstad, Wienk & 
Thorstenson, 2008; Archaux, 2009; Gorrod & Keith, 2009; Vittoz 
et al., 2010). Ideally, one would use a map that depicts land cover 
in an unbiased and flawless way with absolute certainty. However, 
such field-based land cover maps do not exist, being generalizations 
of the real world (Zonneveld, 1989; Pancer-Koteja et al., 2009), and 
influenced by subjective judgments of the field workers (Hearn et al., 
2011).

4.3 | Classification accuracy

There are many possible reasons for inaccuracies in classifica-
tion. All classification methods result in maps with a degree of 
inaccuracy due to artificial simplification and generalization of 
natural features (Hearn et al., 2011). Multiscale phenomena, such 
as nature, vary in time and space. Selection of the most impor-
tant aspects, when adapting characteristics of nature to a pre-
defined scale, involves loss of information (Burrough & Frank, 
1995). Classification accuracy also depends on the system in-
volved. Ullerud et al. (2018) found that more complex classifica-
tions systems led to lower classification consistency among field 
workers, compared with less complex systems. Thus, classifica-
tion inaccuracies are most likely scale- and system-dependent, 
and many studies are therefore not directly comparable. Our 
study documented a mean classification accuracy of 72% in the 
pairwise comparison between field workers and consensus map. 
Eriksen et al. (2019) found comparable levels using the same scale 

Sub-area A Sub-area B

Classification accuracy Spatial delineation accuracy

M A W F M A W F

M

A 0.002 0.775

W 0.030 0.573 0.040 0.034

F 0.001 0.115 0.151 0.060 0.142 0.720

TA B L E  2   Paired significance test 
(Student's t test) of classification accuracy 
and spatial delineation accuracy with 
α = 0.05 and Bonferroni-adjusted 
α = 0.0083 for all combinations of 
ecosystems; mountain (M), agricultural (A), 
wetland (W) and forest (F)

TA B L E  3   Polygon characteristics from all ecosystems in sub-
area A: Mountain (M), agricultural (A), wetland (W) and forest (F). 
Number of polygons (#), mean area of polygons (μ m2) and mean 
ecological distance (μ ED)

Polygon M A W F

# 20 20 11 23

μ m2 1,125 1,125 2,046 978

μ ED 0.4 0.9 0.5 1.0
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and classification system, with a mean classification accuracy of 
65%. Although Eriksen et al. (2019) used a point method (thereby 
avoiding delineation inaccuracy), it is reasonable to assume that 

the mean level of classification accuracy varies around 55–75% 
for the tested land cover classification system (Ullerud et al., 
2018; Eriksen et al., 2019; this study). The results are probably 

F I G U R E  4  Comparison of consensus map (left) and heat map (right) from the forest ecosystem in sub-area A, visually displaying the 
classification accuracy. The heat map shows the number of field workers with similar classification as the consensus
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context-dependent, and there are clear differences in classifica-
tion accuracy between different ecosystems. Studies of field-
based land cover mapping accuracy should therefore include 
multiple ecosystems.

Sufficient species knowledge is crucial in order to be able to rec-
ognize important indicator species needed to distinguish between 
land cover types. Varying ability to detect and identify species is a 
well-known cause of inconsistencies between field workers (Kirby, 

2003; Bacaro et al., 2009; Hearn et al., 2011; Eriksen et al., 2019). 
Land cover types characterized by abundance of species that indi-
cate a specific part of a gradient can also be challenging (Symstad 
et al., 2008). Regional and local variation of abundance can vary, 
and relative abundance of species can be troublesome to estimate 
correctly in field (Cherrill & McClean, 1999b). Gallegos Torrell and 
Glimskär (2009) recommend calibration with feedback to improve 
the accuracy of visual abundance estimates. Morrison (2016) found 

F I G U R E  5   Comparison of consensus map (left) and heat map (right) from the forest ecosystem in sub-area B, visually displaying the 
spatial delineation accuracy. The heat map shows the number of field workers with similar spatial delineation as the consensus. Outline from 
consensus
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that species can be overlooked and/or misidentified, where over-
looking is a more prominent problem. Although Morrison's study is 
testing vegetation plots, similar challenges are likely to occur in the 
mapping of land cover types separated by differences in vegetation 
as well.

4.4 | Spatial delineation accuracy

Spatial delineation is well known to result in map inconsistencies 
among field workers (Cherrill & McClean, 1995, 1999a; Hearn 
et al., 2011; Ullerud et al., 2018), but has to our knowledge never 
been tested or reported as an independent component of field-
based land cover maps in vector format. In our study, the mean 
spatial delineation accuracy is 59% with little variation between 
ecosystems (52–64%). The lowest accuracy is reported from the 
agricultural ecosystem, whereas the highest, in wetland ecosys-
tem. Contrary to the classification accuracy, there is less varia-
tion in delineation accuracy between the ecosystems. Inaccuracy 
is overall high, although somewhat lower in wetlands. In sub-
area B, field workers were given the specified land cover types 
at points. As expected, the field workers delineate consistently 
in the proximity of these points, but gradually less consistently 
with increasing distance from the points. The reported 58% mean 
spatial delineation accuracy is therefore probably a conservative 
estimate. If the points had been spatially randomized for each pair 
of field workers, the result would most likely end up with even 
lower spatial delineation accuracy.

Field-based land cover mapping is time-consuming and expen-
sive. To map efficiently, the field workers use aerial photos for 
spatial delineation (Cherrill & McClean, 1999b; Ihse, 2007; Ullerud 
et al., 2020). Interpreting aerial photos requires experience and 
knowledge and relies on highly trained field workers (Morgan & 
Gergel, 2010). Fuzzy boundaries and more or less continuous veg-
etation (Couclelis, 1992), makes it difficult to delineate polygons. 
Even when borders between types are sharp and easy to inter-
pret from aerial photos, the level of small-scale variation may be 
too complex for the intended map scale (Aune-Lundberg & Strand, 
2017). Gradients in species cover, types defined by bottom and 
field layer species, moisture, soil nutrients, management level and 
succession state are considered the most difficult tasks to interpret 
from aerial photos, while separating open land from tree-covered 
areas is considered easier (Ihse, 2007). Our study, however, docu-
ments that types separated by a low estimate of species and tree 
cover boundary (e.g., above or below 10% tree crown cover) are 
difficult to spatially delineate. This is prominent along the boreal–
alpine ecotone, and especially in areas influenced by land use that 
sustains a diffuse treeline (Harsch & Bader, 2011). Estimation 
of coverage is known to be difficult (Kennedy & Addison, 1987; 
Tonteri, 1990; van Hees and Mead, 2000) and shadows from trees 
can complicate the interpretation of aerial photos further (Ihse, 
2007).

Although guided by aerial photo interpretation, inaccuracy 
in spatial delineation can also to some extent depend on the field 
workers’ ability to distinguish adjacent types (Aspinall & Pearson, 
1995). In this study, however, the land cover types were provided 
and therefore available for calibration before the spatial delineation. 
Our interpretation is therefore that this effect is negligible in this 
part of the study. Nevertheless, the lowest accuracy in spatial de-
lineation is apparent between ecologically related land cover types 
and between strongly modified types that resemble semi-natural 
ecosystems.

4.5 | Land cover types with low accuracy

Accuracy varied with the land cover types that were mapped. This is 
also documented in other studies (Ullerud et al., 2018; Eriksen et al., 
2019). ED, however, was typically low for land cover types with low 
classification accuracy. Land cover types that were most often con-
fused were therefore ecologically closely related and always within 
the same major type. Others had high ED and were wrongly classi-
fied even at a higher hierarchical level (according to the consensus). 
Different major types can in some cases be very similar, with similar 
species composition, and mostly only separated for example by a 
scattered tree cover (above or below 10% crown cover) (Bratli et al., 
2017), or differences in succession state and without distinct plant 
composition (Aune-Lundberg and Strand, 2017; Bratli et al., 2017). 
Land cover types separated by these attributes were frequently con-
fused. Regrowth, late succession state and tree crown cover close to 
10% can be the cause of this. Estimation of tree cover is challenging 
(Gallegos Torell & Glimskär, 2009) and the estimation is more dif-
ficult when tree cover is low (Morrison, 2016). In the implemented 
land cover system, species typical of semi-natural land cover types 
can gradually be replaced by species characteristic for forests, mak-
ing such types challenging to classify correctly (Eriksen et al., 2019). 
This is comparable to other studies (Cherrill & McClean, 1999a; 
Hearn et al., 2011).

Land cover types within major types that were most often con-
fused were often typically representing sections along gradients 
in lime richness, drought risk or rarity (also found by Eriksen et al., 
2019). Field workers frequently chose land cover types with a lower 
lime richness than consensus. Although Eriksen et al. (2019) and 
Ullerud et al. (2018) reported opposite results, the cause might be 
the same. Classification inaccuracy among these types can indicate a 
lack of botanical skills needed to detect and recognize indicator spe-
cies of lime richness and drought risk. Although not directly tested, 
we believe that the same challenges apply for low accuracy of rare 
land cover types as well.

Semi-natural land cover types were often confused with strongly 
modified types that resemble semi-natural ecosystems. Low accu-
racy in semi-natural land cover types seems to be common (Cherrill 
& McClean, 1999b; Stevens et al., 2004; Ullerud et al., 2018; Eriksen 
et al., 2019). Many land cover types in the tested system are defined 
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by land use or other strongly modified changes in addition to or in-
stead of indicator species (Bratli et al., 2017). For mapping of land 
cover types defined by land use, extensive local knowledge or sub-
stantial experience is probably needed to make informed and correct 
classifications.

4.6 | Ecosystem complexity

The present results indicate that some ecosystems are more dif-
ficult to map consistently than others. Ecosystems with high num-
bers of land cover types had lower accuracy (forest and agricultural 
ecosystem) than ecosystems with fewer types. A higher number of 
available land cover types, with almost similar species composition, 
are therefore associated with lower accuracy (Cherrill & McClean, 
1995, 1999a; Hearn et al., 2011; Ullerud et al., 2018). This implies 
that there is a trade-off between system complexity and map 
accuracy.

Forest ecosystem had the lowest accuracy with the largest devi-
ation in ED from consensus (mean ED =1). This is in accordance with 
other studies (Mõisja et al., 2018; Ullerud et al., 2018). The used for-
est site had pronounced variation in topography, which may impact 
the results because of varying drought risk and lime richness (Ihse, 
2007) leading to many possible land cover types to choose from, 
thus contributing to low accuracy (see sub-section 4.5 | Land cover 
types with low accuracy). Ullerud et al. (2018) also found low consis-
tency in forest ecosystem when using the same mapping classifica-
tion system (NiN). However, in the same study Ullerud et al. (2018) 
found the lowest consistency in wetland ecosystem when using an-
other and coarser mapping system (Bryn et al., 2018). This is in con-
trast to the results from our study where wetland ecosystem had the 
highest classification accuracy. These results support Ullerud et al.’s 
(2018) hypothesis, that the classification system used for mapping 
may be more important for the resulting map consistency (and now 
accuracy), than the impact of different ecosystems.

4.7 | Uncertainties in this study

Field work is expensive and this study has a small sample size (n = 7). 
Although the mappers were working in pairs the statistical tests 
should be interpreted with caution. The number of polygons to be 
classified and points to be mapped, within each ecosystem, is also 
low. In addition, the results are from one area in Norway, tested with 
only one mapping system, and may therefore have limited transfera-
bility. In order to draw more certain conclusions, the study should be 
repeated elsewhere and with other mapping systems. The land cover 
classification system used in this study is also fairly new (2015), so at 
the time of this study there was not yet a pool of field workers with 
specific mapping experience. Therefore, in this test we had to blend 
in last-semester master students and PhD students (50%), together 
with more experienced mappers (50%). The inclusion of students 
might have lowered the resulting accuracy in the presented study, 

although the use of pairs should prevent such effects. Anyway, both 
groups were trained for two weeks ahead of this study (see sub-
section 2.2.3 | Training and calibration of field workers). Students are 
now extensively used for field survey campaigns in Norway, so the 
results of this study will be representative for the ongoing land cover 
mapping in Norway.

4.8 | Further studies

There are several measures that can be made to improve the qual-
ity of field-based land cover mapping. This study has, in our opin-
ion, taken us a step closer to the understanding of the proximate 
causes of inaccuracy in mapping, but we have not investigated the 
ultimate causes, e.g., why some field workers are liable to delineate 
differently than others and what measures are most effective to 
improve classification accuracies. Improving the understanding of 
these underlying causes may help us to guide field workers better 
and could subsequently lead to reduced inconsistencies and higher 
accuracy.

In the presented study, effects of omission and commission are 
deliberately circumvented, but these effects are important to con-
sider (Mõisja et al., 2018; Ullerud et al., 2018). Omission and com-
mission, however, can also be tested partly independently, so that 
the effects can be accounted for and compared with delineation 
and classification accuracy. We have started to plan a study target-
ing omission and commission, using a different design which allows 
field workers to define the number of potential polygons within 
an area where a consensus map is available. The new study, how-
ever, will be conducted the upcoming field season and reported 
thereafter.

5  | CONCLUSIONS

Pairwise comparisons show that the dominant source of inaccu-
racy is differences in spatial delineation. And, when deviating from 
consensus in assigning land cover types, ecologically closely related 
types are more frequently chosen. However, types that were de-
fined by extensive land use (semi-natural types) or succession were 
more often misclassified as ecologically non-related types. There is 
variation among ecosystems when it comes to mapping accuracy, 
both in spatial delineation and classifications. Some ecosystems are 
more difficult to map than others.

We recommend that further work is carried out to determine 
ways of improving accuracy in field-based vector maps. Initial rec-
ommendations from this study are:

•	 Strengthen the training and harmonization of field workers in 
general, and increase the emphasis on polygon delineation

•	 In a land cover classification system with a high number of ecolog-
ically closely related types that are constantly mapped with low 
accuracy and consistency (in practice inseparable), these specific 
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classes should probably be merged when implemented for map-
ping purposes

•	 Develop and implement systematic mapping and monitoring of 
important quality parameters in land cover mapping programs

•	 Consider implementing the presented method, or comparable 
solutions, to pre-qualify field workers (certification) or to adapt 
the training according to the individual mappers’ needs
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